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The 
nuclear 
electromagnetic 
pulse 
(E~is the time-varying electromagnetic radia- 
tion resulting from a nuclear burst. It has a very 
broJd frequency spectrum. ranging from neJr de 
to sen'raJ hundred !\lHz. 
_ 
The generation of E\fP from a nuclear 
deton3tion \\3S predicted eYen before the initial 
test. but the e:>-:tent and potentially serious de- 


gr~',' vf E\lP effects \\erl' not re31ized for many 
years. Attention slowly began to focus on EMP 
as J probable cause of malfunction of electronic 
equipment during the early 1950s. Induced cur- 
rents and voltages c3used ulw',pected equipment 


failure~ durin,; 
nllck3f tests. 
~1lld subsequent 


~1l1:ilysis disL'losed the role of E\lP in such fail- 
ur;.'s. 
Fin~illy in I\)(10 the possible nllnerubility 


of hardened weapol1 systems to E\lP \\3S offi- 
cially recognized. 
In~'re3sed knowledge of th;.' 
electric and magnetic fields beCal11ii 
d~'sir~lbk for 


both \\eaponsdi3gnostics and long-range d('L;'('- 


tiO~l of nuck3r ddon3tions. For all these reaso'15 


3 
mOre 
thorough 
investigation 
of E\lP 
\\"3S 
undl'rtaken . 
• 
Theoreti,,'31 and 
e:>-:pcrim>.'nt~l1 l'fforts 


were 
exp~ll1ded to study and obser\l' E\lP 
ph~'­ 
nomenoJogy and to dew lop appropriate des~'rip­ 
tive mod.:ls. A Iimit.;>d amount of d~lta lpd been 
gathered on the phenomenon and its "threat to 
military systems when all aboveground testing 
was halted in 1962. From this tim.;> 
relianc~ has 
been placed on underground testing. analysis of 
existing 
atmosph~ric 
t~st data. and nonnuclear 
simulation for experimental kno\\'ledg~o Extend- 
ed efiorts have been J!lade to improve theoreti-, 
cal mod.;>ls and to develop associated computer 
codes for predictive studies. At the sam~ tim~. 
efforts to 
d~velop simulators capable of produc- 


ing threat-level pulses for system coupling and 
re.1se studies have been e:>-:panded. 


This chapter describes th.;> E\lP genera- 


tion 
m~ch3nism and thC' resulting el1vir"onment 
for various burst regimes. ThedC'scription 
j ~ 
largely qualitative. since the compk:>-:ityof tl1;.' 
calculations 
requir.;>s 
that 
heavy 
relianL'e 
be 
plaCed on computer cod.: cakulation" for spe- 
cific problems. Some result" oj" comput>.'r codL' 
calculations ar.;> presentcJ. but genl'rJlization of 


thC's~ rC'sults is beyond the SL'ope of this chapter. 


\lor~ complete treatmel1b of the E\1P phC'!1om.;>- 
na may be found in tne 
"D~A E\lP (Electro- 
magn.:'tiL' 
Pulse) 
Handbook 
(to \" 
(s~e biblio- 


graphy l. 


• 
ENVIRON~.ENT - GENERAL 


~SCRIPTION. 


7-1 Weapon Gamma Radiation III 
_he gamma radiation output from a nu- 
clear burst initiates the processes that shape the 
development of an electromagnetic pulse. The 
gamma radiation components important in EMP 
generation are the prompt. air inelastic. and iso- 
meric 
gammas (see Chapter 5). 
BrieOy, the 
prompt gammas arise from 
th~ fission or fusion 
reactions taking place in the bomb and from the 
inelastic collisions of neutrons with the weapon 
materials,. The fraction of the total weapon en- 
ergy that may be contained in the prompt gam- 
mas will vary nominally from about 0.1 'ic for 
high yield weapons to about 0.5)[ for low yield 
weapons. depending on weapon design and size. 
Special designs might increase the gamma frac- 
tion, whereas massive, inefficient designs would 
decrease it. This component is generated within 
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• 
less than a microsecond of detonation time. 
High energy neutrons,which result from tl-:e fu- 
sion process. emerge from the bomb debris with 
energies on the order of four to fourteen MeV. 
For a surface or air burst. these neutrons lose 
their energies primarily through a large number 
of inelastic collisions v:ith the surrounding air 
molecules over a time period of many micro- 
seconds. This gives rise to a source of gammas 
over the same. time span. Isomeric gammas are 
given off by nuclei of certain fission products 
in decaying from excited states to the ground 
state. 
Th~y are important at 
times after the 


peaks in prompt anLl air inelastic contributions 
(see Section] . Chapter 5 }. 


7-2 
Compton Current • 
II \\'hen gamm:, radiation from any of the 
sources mentioned in the preceding paragraph 
impinges upon air 
mole~'ules. high energy elec- 
trons are created by the Compton effect. In this 
effect. illustrated 
in 
Figure 
7-]. th(' incident 
gamma ray interacts with an electron in the shell 
of an atom. imparting to it a large amount of 
energy. Both the electron and a less energetic 
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Figure 7-1. 
(U) 
The Compton Effect 
(U) 


gamma ray scatter, primarily in the forward di- 
rection, 
and 
the 
scattered 
gamma 
rays 
fre- 
quently retain sufficient energy to repeat the 
process. In addition to the generation of Comp- 
ton electrons, ove'r ten percent of the gamma 
rays with energy above 5 MeV may generate 
electron-positron pairs (pair production). The 


positrons will cause ionization by inelastic col- 
lisions and eventually will be annihilated on col- 
lision with an electron, resulting in two 0.5] ] 
MeV gamma rays. The radial beams of scattered 
high energy electrons comprise a current termed 
the Compton current. If certain spatial and time 
conditions are met by a current, an electromag- 
netic field is generated. Since the prompt gamma 
ray 
pulse increases rapidly to a peak value and 
then· decays (Section I, Chapter 5), and since 
the Compton electrons lose energy as described 
in the following paragraph, the Compton current 
rises to a peak value rapidly and then decays as 
illustrated. in Figure 7-2.• 


7-3 
Ai. 
Conductivity 


• 
The high energy electrons in thC' Comp- 
ton current 10sC' some energy to the surrounding 
air molecules through indastic collisions. The 
energy lost in these collisions goes into tl...., free- 
ing of additional electrons from the air mole- 
cule's. i.-e .. further ionization. A drastic chang.:' in 
the conductivity of air takes place as it is ionized 
to 
becom.:' a plasma consisting of molecule's. 


atoms. ions. eleCtrons and accompanying elec- 
tromagnetic radiation (see paragraph 4-2. Chap- 
ter 4l. Th.:' conductivity ","ill vary in space and 
time with the density and mobility of the ions 
and electrons. and the mobility depends on the 
electric field strength. Under certain conditions 
of air density and distance the x-rays from the 
bomb may contribute significantly to the air 
conductivity. Further complications are intro- 
duced by the recombination of ions and elec- 
trons. Initially the dominant process is the at- 
tachment of electrons to neutral oxygen mole- 
cules, reducing their mobility. Later the negative 
ions and electrons recombine with positive ions, 
reducing 
the 
charge density. Both processes, 
which are strongly dependent on air density, wa- 
ter content of the air, and the electric field, tend 8 
to reduce the conductivity of this partially ion- 
ized plasma. Figure 7-3 shows an example of air e 
conductivity. The sudden rise at 8 microseconds t 
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• 
is due to the local arriyal of the neutron flux 
that 
produces ionization by nuclear reactions 
other than inelastic collision, namely (n,p) and 
(n,'}') reactioris; howeyer. 
earlier times are of 
greatest 
interest 
for 
the 
generation bf E\lP. 


7-4 Radical Electric Field. 


• 
1f a nuclear burst occurs in homogeneous 
(constant density) atmosphere, with no geomag- 
netic fields present. a charge-separation model 
may h: usee] to describe th(' resulting electriL' 
fields. 
Positiw 
and negati\e charges are sepa- 
rated as th(' Compton electrons sweep off in a 
radial direction from th(' explosion. \\"hile the 
he3\"i"r ions tend to rem3inbehind. Thus. two 
sh.:'lls of charg(' are created. an inner positi\"c ion 
shell and an outer shell of electrons. This separa- 
tion 
produ~'es a large local electric field in the 


raJia~ direction sho\\n as Er in Figure 7-4. The 
magnitude 01 the field is limited as the air con- 
ducti\ity 
rises to pennit return currents. Con- 


ductiyity is higher closer to the burst where the 
current arc more dense. so this region is the first 
to saturate and to iimit the radial field although 
the radial electric fidd is higher when saturation 
occurs. These efr"cts aredepicteJ schematically 
in Figure 
~-5. 
Ill; i" to be noted. howe\"er. thatth" total 


current distribution and the resulting radial elec- 
tric field are perfectly spherically symmetric in 
thi" hypothdical illustration. it is a fundamental 
property of such a current distribution that no 
magn"tic field is generated and no electromag- 
netic field is radiated away. The various asym- 
metries that occur in pradice. and the resulting 
field" that are generated in the source region or 
radiated 
away are discussed 
in the following 
paragraphs. 
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Figure 7-4. II 
ChargeSeparation 


Model tI 


~ELECTROMAGNETICFIELD 
GENERATION. 


7-5 Medium Altitude Air Burst. 


_ 
This category of nuclear explosions is 


.defined to include weapon bursts under about 
30 
kilometers 
(19 
miles I altitude. but suffi- 
ciently high that the deposition region contain- 
ing the source currents does not tou~h the earth. 
In this case there are three principal factors tend- 
ing to destroy the spherical symmetry of the 
current distribution discussed in the preceding 
paragraph: the atmospheric density gradient. the 
earth's magnetic field, and the configuration of 
the weapon itself. Since the earth's magnetic 
field is a much more important influence in less 
dense atmosphere, it will be discussed in suc- 
ceeding 
paragraphs 
in 
connection with high- 
altitude bursts. 
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Figure 7-5. 111 Limits on Electric Field Waveforms 
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_ 
The demity gradient in the lower atmo- 


spherl' leaws the current distribution in the de- 
position region symmetric in azimuth only. since 
the strength of all the deposition region interac- 
tions depends on the density of its constituents. 
Thus there is a net vertical current component. 
the strength of whi.:h is expresed in terms of a 
dipole moment. This quantity is responsible for 
the generation of a magnetic field in the deposi- 
tion- region and the radiation of an electromag- 
neti,: \..~a\·e from this region. These effects are 
shown in Figure 7-6. assuming no weapon asym- 
metry. The ~adiation. which is in the form of a 
simpie n'rticaJ electri.: dipole. is a high intensity 
brief pulse tbJt in,JuJes a broad spectrum of 
freljuen-:ies up to mJny \lHz. Figure 7-7 demon- 
strates the relationship of energy per unit fre- 
quelKy as a function of frequency. The electric 
fiel,l as a fundion of range. R. and azimuth, e. 
foiJows th<:, form 


Ro 


1:.( t ) == - 
E 
(t) sin (i 
R 
0 


wher;; Ro is the radius of the deposition region 
and E(, is the time d-::pendent 
ele~tnc field at 
Ro' The angular dependence of radl~ted el~ctro­ 
magnetic radiation is such that maxImum mten- 


sit\~ is radiated horizontally from the burst and 
is ~1inimum directly above or below the burst. 
Simplified general waveforms of the quantities 
discussed here are presented in Figure 7-8. 


_ 
The presence of the ground introduces a 
strong asymmetry in addition to the ones de- 
scribed above. The ground is a very good ab- 
sorber of neutrons and gamma rays and a good 
conductor 
of electricity 
compared 
with 
air. 
Therefore, 
the deposition region consists ap- 
proximately of a hemisphere, resulting in a very 
large dipole moment and consequently large ra- 
diated fields. Further. the conducting groun:! al- 
lows an effective return pati) for the electron 
shell near the surface with the result that current 
loops are formed. That is. electrons travel out- 
ward from 
the burst in the air. then return 
through the higher conductivity ground toward 
the burst point. These current loops form a to- 
roidal shaped solenoid 
resulting in very large 


azimuthal magnetic fields in the deposition re- 
gion. especially close to the ground. These ef- 
fects are shown in Figure 7-9. Figure 7-10 shows 
a typical toroidal magnetic field waveform in the 
deposition region near the surface. 
IIThere 
can 
be 
extrem~lY large electric 
and magnetic fields as well as the presence of a 
highly conducting plasma within the deposition 
region. As a result of the number of variables 
that can affect the magnitude and shape of the 
fields, it is not possible to provide a simple de- 
scription of the fields. 
II The peak radiated electric fields are ten 
to a hundred times stronger than for a similar 
air burst. The range, Ro' at which the radiation 
region begins is a function of weapon yield as 
shown in Table 7-1. 
11 The magnitude of the peak value of the 
radiated electric waveform for a surface burst is 
a weak function of yield, varying from about 
1.300 volts per meter at Ro for a 4.2 TJ (1 KT) 
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Figure 7-6. II Simple Illustratioli" of Air-Burst EMP • 
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Figure 7-711 
No'rmal ized Frequency Spectrum of the Electric-Dipole Radiated EMP for Air BurststI 
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Figure7-8_ 
Comparison of General Waveforms for the Dipole Moment, the Current, and the E-Field 


for and Air, Burst_ 
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Figure 7·9e 
Simple Illustration of Surface Burst EMP • 
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• 
explosion to about 1,670 volts per meter for a 


4.~ x 104 TJ (10 MT) explosion. For most cases, 
a value of 1,650 volts per meter may be assumed. 
At ranges along the surface beyond Ro' the peak 
radiated electric field varies inversely with the 
distance from the burst. Thus. the magnitude of 
the peak radiated electric field along the surface 
may be estimated from the equation 


Ro 
E =-E 


R 
0 


TIME (seconds) 


Figure 7·10 _ 
Shape of Magnetic Field 
for Toroid Model _ 


where Ro is the range to the beginning of the 
radiation region, R is the distance along the sur- 
face to the point of interest, Eo is the peak value 
of the radiated field at Ro (assumed to be about 
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Table7-1.. Variation of Range, 
Ro' at w 11 1 t 1e Radiation Region 
Begins, with Yield. 


1.650 volb per meter\. and E is peak value of 
the radiated field at R. For example. the peak 
electric field 10 kilometers from a 4':00 TJ (1 
MT) surface burst would be 


The peak electric field at the same distance from 
a 4':0 TJ (100 hT l surfa-:-e burst would be- 


E = Ct) (1.650) 
:::: Q50 \' m. 


The spatial distribution of the radiated signal in- 
volves not only the inverse range attenuation 
discussed above. but also the polar angle. The 
magnitude of the R'Ee product follows a com- 
plicated function of the polar angle. e. Figure 
7-11 shows the computed variation of the radi- 
ated EMP signals as a function of e. The varia- 
tion in the waveform shape, as well as in the 
peak amplitude, as a function of angle should be 
noted. Because of the greater rise time of the 
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waveforms as the vertical is approached. it is ap- 
parent that the high frequency content of the 
signaL decreases. The frequency spectrum is an 
important parameter for coupling analysis. Fig- 
ure 7-11 shows the normalized frequency spec- 
trum of the horizontally radiated EMP from a 
surface 
burst. Comparing this spectrum with 
that shown in Figure 7-7 shows significan!ly 
greater high frequency content for the surface 
burst. 


• 
The preceding discussio~ ,,:as intended to 
illustrate the general charactenstlcs of the EMP 
fields generated by surface bursts and the vari- 
ation of the peak radiated electric fields in space. 
In addition to the behavior of the electric and 
magnetic fields, the air conductivity is impor- 
tant for more accurate coupling analysis. A few 
selected examples of these quantities are pre- 
sented in later sections of this chapter: however, 
it is beyond the scope of this manual to provide 
complete EMP environmental data upon which 
vulnerability analyses may be based. 


7-7 High Altitude BurstII 


• 
This burst regime is defined to include 
any nuclear burst at an altitude 
abo\"(~ about 30 
ki·lometers (19 miles). In this regime the atmo- 
sphere is so sparse abo'·e the burst that relatively 
little Compton current is generated there. The 
deposition region. departing far from spherical 
symmetry. consists principally 
of a pancake 
shaped volume extending from about ':0 to 50 
kilometers (I': to 30 miles) in altitude and to 
the horizon as viewed from the burst. Thus. 
very high altitude bursts may cover vast geo- 
graphical 
areas. 
A 
further 
asymmetry, 
the 
earth's 
magnetic field, is responsible for the 
form of the radiation. The Compton electrons. 
which result from collisions of the prompt gam- 
mas and x-rays with the air molecules in the de- 
position regions, are deflected by the earth's 
field to follow helical paths significantly long 
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Figure 7-" II Va'riation of the Radiated EMP for a Surface Burst with Angle e Measured from the 
Vertical in RadiansII 
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Figure 701211 Normalized Frequency Spectrum of the Horizontally Radiated EMP for a Surface 
Burst_ 
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• 
Jurinf! the time between collisions in the rare- 
fidd medium. The accelerated electrons produce 
the characteristic synchrotron radiation with a 
large high-frequency content. The peak ampli- 
tude of the electric fidd near the surface may be 
quite large, a few tens of thousands of volts/ 
meter for high bursts. Figure 7-13 illustrates the 
basic geometry of this burst. 
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Figure 7-13 tlillustration of the Basic Geometry of the High-Altitude BurstII 
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Figure 7·14 _ 
Ground Co~erage for Bursts of 100. 300, and 500 km (about 62, 186, and 310 miles) 
for a Large Yield Burst Above the Geographical Center of the (counterminousl United 
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Figure 7.1511 Basic Variations in Incident Peak Electric Field for Locations on the Earth's Surface for 


~OB above 500 km_ 
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Figure 7.16. 


Deleted 


Maximum Peak Electric Field as a Function of Gamma Ray 
Yield for Selected Burst Heights. 


'':: 


E(t) =5.3 x 104 (e-4t - e-4 76t) vim , 


where t is in microseconds. describes the waw· 
form in Figure 7-17. The frequency spectrum of 
this pulse is illustrated in Figure 7-18. As the 
gamma yield of the weapon decreases. the pulse 
width tends to increase. decreasing the relative 
high frequency content of the signal. Similarly. 
increasing the angle between the line-of-sight 
and the vertical through the burst point in- 
creases the pulse width. 


• 
The high altitude burst is the dominant 
threat 
to exoatmospheric systems. The most 
severe 
EMP 
environment 
for 
such 
a system 
comes 
from 
a line-of-sight path that passes 


than that from a surface or low air burst. Figure 


. 7-17 illustrates the time waveform of the radio 
ated signal from a high altitude burst. The ana- 
lytic expression 


The radiated E!\tP from a high altitude 
rises to a peak value much more rapidly 
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Figure7.178 Time Waveform of High-Altitude RadiatedII 
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Figc;fe 7.1811 Amplitude of High-Altitude 
Radiated Signal _ 


II 


through 
the deposition region but misses til.:: 


earth and is propagated through the ionosphere 
(Sec Figure i-I 9). The ionosphere <)(ts .as a high 
pass filter. and only frequencies above a giwn 
cutoff are obser\'elL The cutoff frequency 
(11;- 
pends on the altitude. time of Jay <lnd sunspot 
acti\'ity. and. for exam rIc . varies bet\\'een about 
3 and 14 
~lHz at night. depending on the alti- 


tude of the obserwr. D<lytime cutoff frequencies., 
of 30 MHz may be encountered for a 1000 km 
high obser\'er. In addition. the effecti\'e index of 
refraction. and therefore th.: group \'elocity of 
the EMP signal also varics. with the higher fre- 
quencies tra\'eling fastest. Aiso, the transmission 
for frequendes near the cutoff is very large. ris· 
ing to 
near unity 
for higher, frequencies. Al- 
though the amplitude of the dispersed pulse will 
be much smaller than that of the undispersed 
pulse. the signal will be stretched out greatly in 
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time. For frequencies aho\'e the cutoff there will 
be little' energy loss. Figure 7-20 shows a pre- 
d',icted dispersed EMP (DEMP) signal from a high 
iititude burst as viewed by an observer at 100 
km altitude. This is based on a nighttime iono- 
sphere 'at sunspot minimum. 
II SYSTEM GENERATED EMPII 


7·8 General DescriPtion • 


• 
The term System Generated Electromag-. 
netic Pulse (SGE\1P) refers to the fields and cur- 
rents generated by the interaction of weapons- 
prod uced 
ralliation 
(principally 
X-rays 
and 
gamma rays) with a system or portion of a sys- 
tem. 
The 
system 
generated 
electromagnetic 


pulse is produced inside or in the vicinity of a 
system when an incident photon pulse interacts 
with the material of the system. Photoelectric 
and Compton electrons are created. and the re- 
sulting emission current produces electric and 


magneti~' fields. Internal E\1P. or lD1P. which 
refers to the electromagnetic fields interior to 


system~ and containers. and which is generally 
generated by gamma rays. or high energy X-rays. 
is included in the general category of SGEMP. 
SGEMP specifically excludes the internal effects 
associated with 
transient 
radiation effects on 


t:lectronics (TREE l. 


• 
The system-generated EMP is most impor- 
tant for electronic components in satellites and 
ballistic 
systems above 
the 
deposition 
region 
that would be exposed directly to the nuclear 
radiations 
from 
a 
high-altitude 
burst. 
The 
system-generated 
EMP can also be significant 
for surface and moderate-altitude bursts if the 
system is within the deposition region but is not 
subject to damage by other weapons effects. 
This could possibly occur for surface systems ex- 
posed to a burst of relatively low yield or for 
airborne (aircraft) systems and burst of higher 
yield. 
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Figure 7-19 I 
The Geometry for Producing Dispersed EMP for Exoatmospheric Systems __ 
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Figure 7·20 _ 
Electric Field Time Waveform of High-Altitude EMP after Dispersion by Nighttime 
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7-9 SGEMP GenerationII 


_ 
The generation of SGEMP is a complex 
function 
of many 
physical 
phenomena. The 
complexity of the problem precludes quantify- 
ing SGEMP generation for any broad class of 
systems. This section, therefore, will attempt to 
describe some of the generation phenomena for 
one simple problem, The "DNA EMP (Electro- 
magnetic 
Pulse) Handbook," 
DNA 
2114H-3, 


Volume 3, should be consulted for an in-depth 
treatment 
of the 
subject 
(see 
bibliography). 


1111 Figure 7-21 illustrates SGEMP generation 
in a cavity. The incident X-rays and gamma ray" 
create photo- .il1d Compton electrons, respec- 
tively. within the cavity walls. The generation is. 
of course. dependent on the energy flux of the 
incoming photons and the properties of the wall 
material. The photo- and Compton electrons 
subsequently interact with the atoms of the wall 
material to produce secondary electrons. Those 
electrons created near the surface (within an 
electron mean-free-patI1) with velocity vectors 
toward 
the surface generally will be emitted, 
The net electron currents, both within and with- 
out the cavity, gives rise to a magnetic field 
which will induce currents in circuit loops via 
magnetic coupling, 
II For tlus discussion. it is assumed that the 
electron emission and subsequent field genera- 
tion are separable problems. Further, the elec- 
tron emission from the extemal wall surfaces 
will be ignored, The problem under considetll- 
tion is thus one in which electrons are emitted 
from two intemal surfaces of the cavitv in the 
forward and reverse directions, theemis~ion be- 
ing described as a time and energy dependent 
electron flux, 
II As 
the 
emitted 
electrons traverse the 
cavlty, a net forward curren't will be observed 
witlun the cavity wlule a space charge is estab- 
lished concurrently, If the cavity is at vacuum or 
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near-vacuum conditions (0.13 pascal - 10-3 Torr 
or less) and of appropriate size,space charge 
limitation will occur. This will resul t in the cre- 
ation of high electric fields (l05 - 106 volts! 
meter) near the walls. 


• 
If the cavity pressure is above 0.13 pas- 
cal, another phenomenon will occur in suffi- 
cient intensity to alter the SGEMP. The emis- 
sion electrons will interact with the gas mole- 
cules to produce additional secondary electrons 
(hereafter called gas electrons) and positive ions, 
The gas electrons will tend to "stream" to the 
cavity walls in comparison to the heavier and 
slower gas ions that are created concurrentl\'. 
The gas ions will neutralize' the space charg'e, 
thereby allowing more electrons to traverse the 
cavity. Thus the E-field intensity near the walls 
\vill decrease while the current in thecavitv.. 
and concurrently the magnetic field, will in- 
crease. It shouldbenoted that quantitative anal- 
ysis of the electron emission and subsequent 
SGEMPgeneration for even tlus simple problem 
requires the use of complex computer codes on 
large computers. 


7·10 Problem Definition II . 
_It is emphasized that the above discussion 


dW~ on only one small aspect of the SGEMP 
problem: the generation of an idealized SGEMP 
in a simplified geometry. A complete treatment 
of the SGEMP for a given system must start with 
the threat definition and the incoming photon 
flux. This must then be translated into electron 
emission from all surfaces, cables, components, 
etc" 
of the system. From the emission, fields 
and currents throughout and extemal to the sys- 
tem 
must be determined in a self-consistent 
manner. Next, coupling of the fields and cur- 
rents to the system electronics must be estab- 
lished. Finally, the reaction of the electronics to 
the coupled energy must be determined and 
evaluated. 
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Figure 7-21_ SGEMP Generationll 
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lilt is possible that this evaluati.on proce- 
dure may be terminated after any gIven step. 
For example, consider an electronically very 
"hard" system for which the "threat" is§peci- 
fied as 4,2 x 104 joules/meter2 (l cal/cm") re- 
ceived uniformly over a period of a year. By in- 
spection, 5GEMP is not a problem. At the other 
extreme. consider a system that is easily upset 
by small (milliamp), short duration (30 nsec) 
electrical ~ulses. If the ~hreat for, thi~ 
s~'stem is 


4.2 x 10- joulesimeter- 00 cal,.'cm-) In a pe- 
riod of 100 nanoseconds. SGE},1P lIlay be a sig- 
nificant problem, An in-depth analytical/experi- 
mental program must be undertaken to make an 
evaluation of SGE;"!P effects. 
til Clearly. the abo\'e examples are extremes. 


They only serw to illustrate that an all encom- 
passing definition of SGE\lP problems is impos- 
sible because of the highly complex. system- 
specific nature of this phenomenon. Likewise, 
it is not possible to formulate a specific solution 
to the SGE\IP threat for general application. 
Thus. 
the 
susceptibility 
and 
vulnerability of 


eadl system to SGE\IP effects must be consid- 
ered separately. 
tI COMPUTER CODE DESCRIPTIONS. 


7·11 COdeUtilityW 
II From the physil.:al descriptions provided 
in the preceding paragraphs. it is apparent from 
the large number of variables involved that even, 
approximate solutions to practical problems of 
interest demand a large inwstment in electronic 
computation. 
The 
complete 
problem 
of the 
coupling of the EMP from a specific detonation 
into the components of a specific system is an 
extremely complex problem. There are no com- 
puter codes which even rem.otely approach a 
treatment of the complex problem. As a conse- 
quence. various aspects of the EMP problem are 
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studied 
individually with the aid of existing 
codes, and good engineering judgment must be 
used to couple these various parts of the solu- 
tion into a quantitative estimate of the effects 
of EMP upon a given system. 


7·12 Code ClassesII 


• 
There are three general classes of compu- 
ter codes in use: environment codes. system gen- 
erated EMP codes, and circuit-analysis codes. 
The codes that are currently in use are described 
in the "DNA EMP (Electromagnetic Pulse) Hand- 
book," Volume 4 (see bibliography). 
II SYSTEMS EFFECTSII 


7·13 Sys'tem Definitions. 


_ 
\lany systems that are physically differ- 
ent can be grouped together in terms ofthe E!\lP 
environments they will encounter. For this pur- 
pose it is useful to consider classification of sys- 
tems in terms of operating altitude and nuclear 
. hardness, 


_ 
Fr0111 
the 
previous description of the 


E\lP em·ironment. the altitude categories sug- 
gested in Figure 7-22 are evident. It should be 
noted that certain systems may operate succes- 
sively in more than one category. 


_ 
For the purposes of this manual it is ade- 


quate to consider system hardness in only two 
categories. A hard system is one that has been 
designed to operate in some nuclear environ· 
ment. A soft system is not sO designed, and its 
hardness is due solely to its inherent design. For 
a ground system, the blast usually is considered 
to be the indicator of the nuclear hardness of 
the system. The dominant effect will change 
from blast to nuclear radiation. defined here in 
terms of the total dose in rad (5i), as the system 
altitude increases. A system is considered to be 
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hard if it is built to withstand blast overpres- 
sures of about 70 kilopascals (10 psi) or more or 
a radiation dose of I rad (Si I or more. Corre- 
sponding figures for a soft system are 7 kilo- 
pas.:als (] psi) or less and 0.1 rad (Sil or less. 
Systems marginal with respe.:t to either crite- 
rion should be reviewed in both categories. 


GROUND 


Figure 7-22. Categories of System Operation RegionsII 
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• 


Blocks are shaded in on the diagram on 
the basis of dominant environments for a given 
mission, not on the basis of whether EMP exists 
at all for that situation. Thus. based on the defi- 
nitions given, Figure 7-:3 may be used as a 
guide for which environments constitute a dom- 
inant threat for given situations of interest. 


7-15 Effects Comparisons. 
II It is well beyond the scope of this chap- 
ter to attempt meaningful effects comparisons 
for every system altitude. burst altitude, and 
environment combination for which EMP may 
be the dominant threat" However. it is instruc- 
tive to consider one such combination in order 
to gain some impression of how the magnitude 
of the threat might be compared to otheref- 
fects. Accordingly. the deposition region emi· 
. ronment created by a surface burst will be exam- 
ined 
with regard 
to the 
effe-:ts on hardened 
ground systems. a category in· which the EI\IP 
threat may dominate according to Figure 7-23. 
As mentioned pre\"ious]y, the nuclear hardness 
of such a system is generally described in terms 
of its over-pressure level. Using this quantity as 
an indicator of hardness. the EMP field wave- 
fonl1s. peak values and frequency content for 
the principal field components By, Er • and Ee. 
as defined in Figure 7-24 and the associated air 
conductivity waveforms and peak values will be 
examined. 
_The peak values as a function of over- . 


pressure are considered first. Figures 7-25, 7-26, 
and 7-17 show these values for the three field 
components for two yields and two vallies of 
ground conductivity (Og).lt should be kept in 
mind that a large shift in frequencies present can 
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occur between 70 and 7,000 kilopascals (10 and 
100 psi). The coupling of systems to the fields 
in this intense region is complicated by the hig.h 
air conductivity. Figure 7-28 shows how peak 
air 
conductivity 
varies 
with 
overpressure. 
It 
should be noted that the lower yield weapon 
produces higher conductivity for a given over- 
pressure le\'eI. 


• 
The variation of these same quantities in 


ti~or the 4.200 terajoules ( I !'tIT ) yield and 
. 
. 
~ 
.. 
a ground conductivity of 10-- mho/m is illu- 
strated next. The waveform for the By compo- 
nent is shown for various overpressure levels in 
Figure 7-29, and the frequency spectrum is il- 
lustrated in Figure 7-30. Corresponding wave- 
forms and spectra for Er and EO components are 
shown in Figures 7-31, 7-32, 7-33, and 7-34. 
Finally, 
the 
corresponding 
air 
conductivity 
waveforms are presented in Figure 7-35. 


• 
It is apparent from these figures that 
meaningful effects comparisons can be made and 
presented to the systems designer for a given set 
of physical conditions. However, it is also clear 
that the results vary drastically with changes in 
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Figure 7-274111 Peak Transverse Electric Field EO Versus Overpressure 
for Varying Ground Conductivities and YieldsII 


OVERPRESSURE 
(psi) 


10 
102 


I IIIII! 
2 


16' ~-----+--~---,~--+~-----f 


105 


L-...L....I-l...J.,C.J,J.J,."--...L......I-I...J...l...i.U."--...L...~I...J...l.~ 


104 
105 
106 
107 


>- 
~ 
> 


~ 
(.) 
=> 
D 
Zo 
(.) 


0:: 


<l: 


~ 
<l: 
W 
0.. 


E 
.......o 
.s::. 
E 


'OVERPRESSURE (pascals) 
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Figure 7-29e SIP Time Waveform at the Air-Ground Interface for Several Pressure Levels • 
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Figure 7-30_ Fourier Amplitude of B.; Waveform of Figure 7.2911 
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Figure 7-34_ 
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• 
the conditions, and that the very many combina- 
tions possible in the conditions preclude concise 
generalizations to cover every situation. Strictly 
speaking. a system imbedded in the deposition 
region must be included as part of the environ- 
ment itself in formulating the problem. This 
limitation should be kept in mind while examin- 
ing the figures described. 
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